Introduction
The technology of genetically modified foods (also called GM foods) allows selection of an specific genetic trait from one organism and introduces it in the genetic code of the food source through genetic engineering techniques. This has made possible to develop food crops with specific beneficial traits and elimination of undesirable traits in others. In spite of the great agricultural advantages of transgenic crops these do not have acceptance in some countries because: a) the suspicious of consumer as result of allergic reactions observed with some transgenic crops, b) the lack of worldwide regulations to these crops, and c) the negative side effects to environment by the massive farming of transgenic crops, for example loss of genetic diversity, creation of higher adapting weeds, the migration of transgenic genes to their wild relatives and less likely migration of transgenic genes to other unrelated organisms by horizontal transference. Also, the contamination of food with transgenic residues has persuaded different countries to restrict importation of food made with transgenic plants or labelling food or ingredients as or from transgenic crops. There are worrying aspects about the effect of transgenic food over human health such as: 1) many of transgenic genes used today have never been present in human diet, making impossible to know the effect that they will cause, 2) the allergic potential of some proteins codified by some transgenic genes, and 3) in the genetic engineering of crops, many times a gene with antibiotic resistance is included like selectable gene, having the possibility that this gene migrates to pathogen bacteria that affect the health of plants, human and animal, developing bacterial resistance to those antibiotics making hard to have bacterial control. In the present work, literature is reviewed in order to present a perspective about some of the above concerns. In addition, are presented results of different studies in order to answer the following questions: a). Do DNA and proteins are degraded during the traditional soybean food processing?, b). Does food processing affect the persistence of transgenic residues? and c) Does is possible to develop more efficient techniques for detection of transgenic residues in soybean-based foods?
Transgenic seeds in the world market
The global food demand has increased the need for improved crops. At 2006 the biotechnological industry reached several goals, for example, the annual area planted with transgenic crops exceeded for first time 100 million hectares; the number of farmers whom cultivate biotechnological crops exceeded 10 million (10.3), where it is important to stand out that 90 % of these farmers were of scanty resources in developing countries whom increased their income across this crops helping to relieve this way their poverty; the accumulated area from 1996 to 2006 exceeded the half trillion of hectares, with an increase without precedent of 60 times between 1996 and 2006, doing this agricultural technology the most rapidly adopted in the recent history (James, 2006) . Inside transgenic crops and food that now exist on the market, four are the most important: maize, cotton, soybean and canola. These transgenic products are recent on the world market; since 1996 they were planted freely in The United States of America (USA). In USA during 2006, 54.46 million of hectares of transgenic crops were sown, principally soybean, maize, cotton, canola, gourd, papaya and alfalfa, followed by Argentina, 18.0 million (soybean, maize and cotton), Brazil with 11.5 million, Canada with 6.1 million, India with 3.8 million of transgenic cotton, China with 3.5 million, Paraguay with 2.0 million ha of transgenic soybean, and SouthAfrica with 1.4 million of hectares of transgenic maize, soybean and cotton. There are a group of countries that sown less than 100 000 hectares of transgenic crops such as: Colombia, France, Iran, Portugal and Honduras, where the predominant crop is maize, and one more group of countries like Uruguay, The Philippines, Australia, Romania, Mexico and Spain where less than one million hectares are cultivated (Massieu-Trigo, 2009) . At the present time the most common genetic transformations in these transgenic crops are basically two: tolerance to herbicides and resistance to insects. In the USA, the area planted with transgenic soybean was estimated as 77.5 million ha during 2009, 2 % more with regard to 2008. Compared with 2008 there was an increase in the surface planted by 200, 000 ha or more in Kansas, Mississippi, Missouri, North Dakota and South Dakota. The major decrease happened in Nebraska, up to 400, 000 ha with regard to 2008. The record of the major planted surface was estimated for Kansas, New York, North Dakota and Pennsylvania (NASS, 2009) . Although big advances have been achieved in the last years for transgenic crops adoption, it still persists distrust over of these products, which has limited the adoption of these technologies by many small farmers, mainly for five reasons:
• The investments in transgenic crops by the private sector • The public expenditure on these technologies • Limited access to patent technologies • Constant worries on food safety and risks to environment • Weak capacity of regulation in developing countries In addition to the previous limitations, a great controversy persists in rich countries especially the European Union where the principal points in this controversy are the safety of environment, food health and social risks of genetically modified organisms (GMO); nevertheless this situation must not conceal the potential of these products to contribute in poverty reduction among farmers from developing countries, where GMO can play an important role in the small scale agricultural systems and provide nourishing food for the poor consumers in developing countries (Ragasa & Pehu, 2008) .
Transgenic crops in Mexico
Genetically modified products are on top of an agro-political debate, mainly as a result of concerns based on the consumers food safety issues such as the result of eating a GMO (Ash et al., 2003) . Mexico is one of the countries that most import grain seeds, and permissions to plant transgenic crops have been released by official agencies. For example, in the state of Coahuila, transgenic cotton have been planted since 1997; in the state of Chiapas has been planted transgenic soybean and transgenic tomato with delayed ripening characteristics has been sown in Guasave, Sinaloa, among others (Castro-Soto & Zinn, 2001; Macias-de la Cerda, 2006) . In 1989, a National Agricultural Biosafety Committee was created in Mexico as an institution to approve the release of genetically modified organisms and products to environment and Mexican market, and also establish policies and regulations on GMOs. Ten years later the government of Mexico created the Commission on Biosafety and Genetically Modified Organisms (CIBIOGEM) in order to coordinate policies on biosecurity, production, import, export, mobilization, propagation, liberation, consumption, use and development of GMOs products and by-products (Cantu-Iris, 2006) . In Mexico, many GM products are consumed without being aware of it. Corn and soybeans are being used as ingredients for food products (vegetable oils, bread, flour, milk, ice cream, etc.) . Soybean is present in more than 60% of these products (Castro-Soto & Zinn, 2001 Potosi were planted cotton and soybeans by Monsanto. In Chihuahua was reported the planting of cotton by Monsanto, while in Nayarit were planted soybeans, maize and tomato by Pioneer, Monsanto, Zeneca and Asgrow. In 2006, the area planted with soybean in Mexico was 0.1 million ha from which 0.005 million hectares were GM soybean. Soybean production in Mexico is not enough to satisfy domestic demand hence the import of this leguminous is a necessity, mainly from USA, Argentina and Brazil (Cruz-Flores, 2005) . Nowadays, Mexican regulation does not require labeling of products produced from or with genetically modified raw materials. This situation promotes public debate because some scientifics state that the primary reason for avoiding genetic modification in food is the great uncertainty that exists around these products, bringing with it consequences, for example, that consumers neither have the right to choose which product to consume nor strict control of diseases caused by these products, so as to generate a complaint against the companies if they generate harmful effects on the health of consumers (Castro-Soto & Zinn, 2001 ). The labeling of GM food products has become a major battleground between the biotechnology industry and society (Cruz-Flores, 2005) .
Risks associated with the transgenic seeds
The use of GMO´s must be done based on a rigorous analysis of the risks that they could represent for environment, biodiversity and human health. Though commonly risks related to socioeconomic and cultural activities are not evaluated explicitly, these also can play an important role in making decisions. It is difficult to identify all adverse effects that can happen. Nevertheless, it turns out to be an illustrative exercise to identify and to measure some of the attributes that can be associated with possible adverse effects, in the different levels of biological complexity. Modified crops can present consequences in the survival, reproduction, competitive capacity or interactions with other organisms. The most serious ecological risks that present the commercial use of transgenic crops are: the expansion of the transgenic crops threatens the genetic diversity for the simplification of the systems of crops and the promotion of the genetic erosion (Rissler & Mellon, 1996; Krimsky & Wrubel, 1996) . The potential transfer of genes from crops resistant to herbicides (CRHs) to wild varieties or semi-domesticated relatives could make the control of these wild relatives more difficult or reduce the biodiversity of these plant species. Recombination of vectors which could generate varieties of virus more harmful, especially in GM plants designed for viral resistance on the basis of genes viral, and that the plagues of insects will develop rapidly resistance to the transgenic crops. The history has showed that a large area cultivated with an alone crop is very vulnerable to new pathogenic or plague, the widespread use of an alone crop leads to the loss of genetic diversity (Robinson, 1996) . There exist evidences that do not leave any doubt that cultivation of large areas with few modified varieties has been an important reason of the genetic www.intechopen.com erosion, when the governmental massive campaigns encourage the farmers to adopt modern varieties pushing them to leave a lot of local varieties (Tripp, 1996) . The uniformity caused by the increase of the area of crop with a number of smallest varieties is a source of risk for the farmers, when the modern varieties are more vulnerable to diseases and to the assault of plagues (Robinson, 1996) .When an alone herbicide is used repeatedly on a crop, the opportunities of which resistance develops to the herbicide in the population of weeds increases (Holt et al., 1993) . Cassia obtusifolia, an aggressive weed in the soybean and the maize cropping in the Southeast of the USA has exhibited resistance to the herbicide imidazolinone (Goldburg, 1992) . Some risks involved in the consumption of GM soybean have been reported. Marshall (2007) indicated the relation of a diet based on resistant soybean to glyphosate and low possibilities of survival at birth. Also, there have been associated allergic reactions to the consumption of modified soybean (Burks et al., 1988; Ogawa et al., 1993; Burks & Fuchs, 1995) . Nevertheless Batiste et al. in 2005 , reported a study where volunteers did not showed allergic reaction after consumption of modified soybean and modified maize. Nevertheless, the benefits of the modified soybean exceed in much to the adverse effects.
Benefits of the transgenic soybean
Traditionally soybean based-foods of have been consumed for centuries in most of the Asian countries and recently, this food has had a great popularity in the west hemisphere (Messina, 2008) , this popularity is because reports on soybean bioactives components which may have effects on disease prevention as well as in the treatment of some diseases. Soybean products contain bioactives phytochemicals such as isoflavones, saponins, phytic acids, phytosterols, trypsin inhibitors and peptides (Isanga & Zhang, 2008) . The isoflavones are classified like phytoestrogens and have been postulated for being natural alternatives for the hormonal therapy for woman menopause (Messina, 2008) . Some investigations have involved the phytochemicals contained in soybean as functional in the reduction of cholesterol and prevention of: cardiovascular diseases, diabetic symptoms, bone lose straight and cancer (Isanga & Zhang, 2008) . Regarding cardiovascular diseases, it has been suggested that soybean-based food can help to reduce the levels of cholesterol; soybean will help to this change since provide quality protein, in addition is low in saturated fat and is devoid of cholesterol (Messina & Lane, 2007) . Some studies reports that transgenic soybean with high content of α-tocoferol by expressing the gene γ-tocoferol metiltransferase of Perilla frutescens (Tayva et al., 2007) , could have a role on prevention of lipids oxidative damage during seed storage and germination, besides an increase of α-tocoferol content might have a potential to increase vitamin E consumption in diet. Nevertheless some bioactives compounds in soybean are brought for possessing some adverse effects to human health (Isanga & Zhang, 2008) . Besides the benefits of soybean on health it is important to stand out the importance of genetically modified soybean as a crop. In transgenic soybean the principal characteristics incorporated are: resistance to insects and herbicide tolerance which are based on the cry and epsps (synthetase 5-enolpyruvylshikimate-3-phospahte) genes, respectively (Rincon et al., 1999) . Because this type of modifications, soybean can resist to adverse circumstances, which contribute to improve of the earnings. This type of technologies was adopted since 1996 in USA, where soybean tolerant to glyphosate was introduced; this soybean had a great adoption by farmers (Dill et al., 2008) . Glyphosate known commercially as Roundup ® acts in all vegetable species, inhibiting the enzymes essential for synthesis of aromatic amino acids. These amino acids are necessary for photosynthesis. When these amino acids are not able, plant die or stop their growth. This GM soybean could tolerate glyphosate applications; this tolerance is conferred by a bacterial enzyme (Malik et al., 1989; Barry et al., 1992) . The employment of this type of transgenic crops represents one of the technologies of more quickly adoption for weed control (Dill et al., 2008) . There has been demonstrated that the technology of modified organisms increases the total productivity of factors in 10 %, provoking cost saving, reduction in the use of toxic herbicides and involve positive repercussions in environment (Qaim & Traxler, 2005) .
Most common transgenic sequences incorporates to soybean
Weed control is a critical step in soybean cropping. For effective control of weeds, farmers commonly selected herbicides, based on several factors: cost, environmental risks, weeds and crop damage. Advances in plant biotechnology have made possible to insert genes into soybean conferring specific tolerance to herbicides and providing benefits to weed control in soybean fields. Glyphosate-tolerant soybeans may impact general agronomic practices on soybean, offering to farmers a new option for broad spectrum weed control. The development of crops tolerant to glyphosate has been pursued since the early 1980, the mechanism of change in site was used for soybeans, where a protein target insensitive to the herbicide was identified and introduced into the crop through genetic engineering techniques (Padgett et al., 1995) . With similar techniques were generated soybean varieties that produce high amounts of fatty acids and oleic acid generated by the transfer of a second copy of the gene for soybean-fatty-acid desaturase (GmFad2-1) by biolistic transformation of soybean. In addition, soybean varieties have been transformed in order to develop disease and insect resistance. The control of plant pathogens is a major challenge for the agricultural industry, because they are responsible for large economic losses annually.
Herbicide tolerant soybean
The specificity of glyphosate blocking the activity of 5-enol-Pyruvyl-Shikimate-3-Phosphate Synthase (EPSP synthase), which catalyzes the reaction of shikimate -3-phosphate (S3P) and phosphoenolpyruvate (PEP) of 5-enol-pyruvyl-shikimate-3-Phosphate (EPSP) and phosphate. Glyphosate inhibition of EPSPS prevents the plant to produce an aromatic amino acid essential to protein synthesis and some secondary metabolites (Padgett et al., 1995) . The EPSPS enzyme is present in all plants, bacteria and fungi, but not in animals, which do not produce their own aromatic amino acids. In plants, EPSPS is localized in chloroplasts or plasmids, in the treatment of glyphosate, genetically modified crops remains unaffected due to the constant action of the enzyme EPSPS tolerant meets the needs of aromatic amino acids of the plant. On the other hand, the bar gene confers tolerance to glyphosate ammonium, and this was cloned from a common soil actinomycete Streptomyces hygroscopicus and encodes for the phosphinotricin N acetylase (PAT) enzyme that detoxifies the phosphinotricin enzyme by acetylation in an inactive compound. This kind of herbicide-resistant soybeans comes with a reporter gene that encodes for the enzyme beta-D-glucuronidase (GUS) used development to select the transformed plants during tissue crop regeneration and multiplication. Genetic modification was made by the biolistic technique, using transcriptome-derived sequences of virus 35S cauliflower mosaic (CaMV), (GM Crop Database ACS-GM003-1, ACS-GM001-8, www.intechopen.com ACS-GM002-9 GM-005 ACS-3, GM-006-ACS 4, 2010). Other crops engineered for tolerance to herbicides are those that express a protein AtHASL altered (which is structurally similar to AtHASL native, except for the replacement of asparagine at position 653) encoded by the gene csr1-2 of Arabidopsis thaliana, which confers tolerance to imidazolinone (GM Crop Database BPS-CV127-9).
Fatty acid content modifications
The soybean with high oleic oil production contains high levels of oleic acid greater than that found in olive and canola oil. This kind of soybean was achieved using the endogenous gene GmFad2-1. This genetic modification affects seeds and other plant parts like leaves. These changes result in more oil, more stable to heat with enhanced nutritional and functional properties. Other features transferred with the GmFad2-1 gene and the uidA (a colorimetric marker used for selection of transformed plant lines during the processing of soybeans) that encodes for beta-glucuronidase enzyme, derived from the bacterium Escherichia coli. And the bla gene (a marker used for selection of transformed bacteria from non transformed during the cloning of recombinant DNA and steps that are performed in the laboratory prior to the transformation of plant cells) that encodes the enzyme betalactamase that confers resistance to some beta-lactam antibiotics such as penicillin and ampicillin (GM Crop Database DD 026005-3, 2010) . Pioneer used a technique of microprojectile bombardment for secondary embryos co-transforming plant cells with two purified DNA fragments, the PHP19340A (fragment of 2924 bp) containing the Gm-Fad2 gene-1 (includes the promoter for the Kunitz trypsin inhibitor gene (KTi3)) and the PHP17752A gene (fragment of 4512 bp) containing the Gm-Hra gene and gene fragments inserted and microsomal omega-6-desaturase that results in the endogenous expression of this enzyme, with the intention of produce soybeans containing monounsaturated fatty acids (oleic oil) (GM Crop Database, DP-305423-1, 2010).
Crops resistant to viral and fungal resistance
To obtain transgenic plants resistant to viral diseases it has been used pathogen-derived genes, introduced into the plant. Viral genes have been transferred to crops to limit the ability of invaders to replicate within plant cells, this strategy induces resistance to viral diseases and opens new possibilities for the effective control of these diseases. Besides, it has been developed plant varieties resistant to fungal attack, by inserting genes of resistance, once the resistant plant, and the genes persist in future generations through conventional breeding procedures (Macias-de la Cerda, 2006).
Insect-resistant crops
Most of the inserted genes into plants for insect resistance have been isolated from Bacillus thuringiensis, a soil bacterium whose spores contain a crystalline protein (cry) which when ingested by an insect decomposes and releases a toxin called endotoxin delta. The toxin is embedded in the walls of insect gut creating pores, resulting in ionic imbalance and paralysis to the insect digestive system. It has been identified versions of these genes effective against different orders of insects (Cantu-Iris, 2006) . Bth toxins are not toxic either to humans or environment, each strain produces proteins that have a specific effect on certain species of insects, usually within the same order ( 
Transgenic residues in soybean-based foods
The main features introduced to transgenic crops are: resistance to different species of insect pests, and tolerance to certain herbicides, all this is achieved by introducing to soybean plants one or more genes that confer to these plants that characteristics. In 2002, a study was initiated to determine if a). Do DNA and proteins are degraded during the traditional soybean-based food processing?, b). Does soybean food processing affect the persistence of transgenic residues? and c). Does is possible to develop more efficient techniques for detection of transgenic residues in soybean-based food?
Do DNA and proteins are degraded during traditional soybean food processing?
In the Universidad Autonoma de Coahuila, 22 lots of soybean imported to Mexico from different countries were analyzed by PCR. PCR was carried out using specific primers for accompanying transgenic sequences (ubi, 35S, ntpII, bar, gus, luc, us, ocs) and 9 transgenic events (cry1ab, cry1e, cry2A, cry3A, cry11A, epsps, als, ec, accasa) . Results showed that all the analyzed samples presented at least one transgenic sequence. The most frequently (90%) detected promoter in the imported soybean was ubi. The marker most detected in the samples was bar in 75% of the samples, while the reporter most detected was luc in 45% and the terminators ocs and nos were detected in 45% of the samples. On the other hand, the most detected transgenic event was epsps in 100% of the cases. The results suggest that the great majority of soybean lots that Mexico imports are mixtures of soybean genetically modified varieties (Macias-de la Cerda, 2006 and Cantu-Iris, 2006) . The importance of analyzing grain shipments imported into a determined country is because is important to determine the level of contamination of these grains with GM crops, the potential risk for the native biodiversity and pollution of native grain production (Padgett et al., 1995; Cantu-Iris, 2006 ). With the above mentioned soybean lots were elaborated different traditional soybean-based foods and critical steps of food processing (drastic changes in temperature and pH) were identified. DNA was extracted from the samples of each critical step. Segments of epsps, cry A1 genes and CaMV promoter were amplified by PCR from tofu, milk, yogurt, sausage, flour and soybean sprouted. This work identified the presence of the promoter in 45% of the samples and the gene cry1A in 35% of the samples. This suggested that processing conditions of traditional soybean-based foods did not affect the transgenic segment persistence (Gonzalez, 2004) .
Does food processing affect the persistence of transgenic residues
Commercial food products from major cities of Coahuila, Mexico were screened to identify residues of transgenic DNA and/or proteins. After performed, an inventory on all products that contained a soybean-based ingredient in a commercial grocery store in the city of Saltillo, Coahuila, Mexico, two hundred and forty five food products were identified and grouped in 15 classes according to the soybean ingredient as well as the manufacturing process used for their elaboration. Similar sampling was made for the different food classes in the cities of Monclova, Piedras Negras and Torreon. Segments of the transgenic genes epsps, cry 1A and the CaMV promoter were amplified using PCR. The transgenic proteins 5-enolpyruvylshikimate-3-phosphate synthase (CP4 EPSPS) and an insecticidal crystal protein (Cry 1Ab/Ac) were identified using DAS-ELISA (Double antibody sandwich -Enzymatic Linked Immunoassay Analysis). Presence of transgenic genes and/or proteins was identified in 35.3% of the commercial products samples (Cruz-Flores, 2005) . It was observed the presence of transgenic residues in foods with different levels of processing (Table 2 and 3) . Table 2 presents the list of the 15 different classes of commercial products based on soybean ingredients; Table 3 presents a list of products were the presence of cry and epsps genes and CP4-EPSPS and CRY 1 AB/1Ac proteins were detected (Cruz-Flores, 2005).
Is it possible to develop more efficient techniques for the detection of transgenic residues in soybean-based foods?
Macias-de la Cerda (2006) reported the development and optimization of a multiplex-PCR protocol for the simultaneous detection of three accompanying transgenic sequences. Multiplex PCR was performed with DNA from soybean plants for the detection of transgenic sequences, allowing the amplification of nos (125 bp), ntpII (271bp) and luc (450 bp) at an annealing primers temperature of 62ºC. In this case a multiplex PCR technique based on amplification of the accompanying transgenic sequences could be a very valuable tool for detecting DNA transgenic residues. On the other hand Cantu-Iris (2006) reported the optimization of a multiplex PCR for detection of two or more transgenic sequences. The primers sequence was evaluated in order to avoid the primer dimmer formation. Eighteen primers were evaluated with the software FastPCR® and only three primer interactions were observed, which must be avoided for multiplex PCR. The simultaneous amplification of three of the most common transgenic events (cry 1Ab, epsps and als) in a same reaction was obtained with a optimized multiplex PCR. These results could have an impact on a more efficient (speed and cost) detection of genetically modified organisms. Hernandez (2007) reported detection of simultaneously different transgenic residues from DNA of home-making and distributed commercially soybean-based foods using the multiplex PCR technique. Pairs of specific primers for the events epsps, cry 1Ab/1As, and als and for the accompanying sequences nos, luc and ntp II were used. The soybean samples identified as transgenic were used to elaborate three soybean-based foods (milk, sausages and tofu). In addition, 20 commercial foods with at least one soybean ingredient were used for DNA extraction. It was possible to detect simultaneously three transgenic events (epsps, als and cry 1 A/b) and three accompanying transgenic sequences (epsps, als and cry 1 A/b) from DNA isolated from commercial and homemade soybean-based foods. 
Corroborating the efficiency of multiplex PCR for detecting accompanying sequences and transgenic events in commercial food

Soybean class Typical product Product Characteristics
- - - + - Bread - - - + - Cookies - - - + - Instantaneous soup - + - - - Bread(M) - + + - - Salad cookies (M) - + - - - Cookies (M) + - - - - Turkey sausage (M) - + + - - Peanut snacks (T) - + - - - Hot cakes flour (T) + + - + - Dust chocolate (T) - + + - - Salad cookies (P) - + + - - Peanut snacks (P) - + - - - Bread (P) - + + - - Instantaneous soup (P) - + - - - Hot cakes flour (P) + + - + -
Detection of transgenic residues in soybean-based food
In modern agriculture, soybean is considered one of the most profitable crops due to nutritional properties. The soybean contents up to 20 % of high quality oil for human consumption. This makes soybean a product of great importance in manufacturing food products such as milk, food supplements, vegetables and other derivatives, and mixtures of beef with soybean, reducing significantly costs and improving nutritional quality.
In the world, this type of soybean occupied 60% of the planted area of biotech crops (Germini et al., 2004b) .In recent years, genetically modified organisms (GMOs) have attracted great interest and many policy debates about its impact on environment and the safety of genetically modified plants and foods (Germini et al., 2004b) . The identification of GMOs has become a topic of great interest as the number of products derived from GMOs that have been released to the market has increased, also has increased demands by consumers for strict regulations on the labeling of these products (Feriotto et al., 2002) . The European Union (EU) has regulations since 1997 for labeling products containing more than 0.9% Roundup Ready soybean (Reg. 49/200/EEC), as well as additives and flavorings from GM crops (Reg. 50/2000/EEC) (Germini et al., 2004a) . In Mexico, on March 18, 2005 the Law on Biosafety of Genetically Modified Organisms (DOF 18/03/2005) was published in the Federation official journal. The scientific community's interest in the development of efficient methodologies for the detection of GMOs is related to the fact that they agree on the need for highly automated detection systems for identification of GMO-free food as well as quantitative tests to verify levels of GMOs in food (Feriotto et al., 2002) . Two techniques have been developed mainly for the detection of GMOs: DNA analysis by PCR and protein analysis (Germini et al., 2004b) .
Techniques based on DNA identification 8.1.1 Polymerase chain reaction (PCR)
This technique is an enzymatic method that allows copying a particular area of a genome, being able to get up to thousand copies in a test tube. PCR uses DNA polymerase which is able to copy DNA molecules. The technique requires a known nucleotide sequence of a desired gene region, since the PCR needs short oligonucleotides or primers, complementary to sequences present in the gene or genes of interest from which the DNA polymerase will incorporate nucleotides complementary to the chain being copied (Germini et al., 2004b) . Vőllenhofer et al. (1999) designed primers to amplify parts of the 35S promoter, NOS terminator and marker NTPII. PCR / hybridization protocols were established for detection of Roundup Ready soybeans. In addition to hybridization, confirmation of results was possible using a restriction analysis. The aim of this work was to select pairs of primers that allow the restriction enzyme digestion of PCR products using inexpensive enzymes to reduce costs of analysis. None of the amplified fragments was greater than 200 bp, so the analysis of DNA from highly processed foods was not a problem. This procedure was highly sensitive and specific for detection of GMOs and provides a useful tool in the analysis of raw materials and processed foods. Jeng et al. (2006) analyzed soybean seeds and their products for detecting Roundup Ready soybean traces. Most soybean products were generated using a heating process, which damages the DNA used for PCR reaction. However, amplification was achieved for the detection of transgenic soybean using epsps, lectin and 35S genes. Fermentation is another important part of the process of soybean-based products, where the DNA after a long period of fermentation (over 180 days) is severely damaged. That's why the epsps gene was not identified in these samples.
Multiplex PCR
Many of the PCR products for GMOs detection involve reactions that amplify a single target sequence. Multiplex PCR is a variation of the conventional technique in which two or more target sequences are simultaneously amplified in the same reaction. This method has high reliability, flexibility and reduced costs (James et al., 2003) . Some studies have described the use of multiplex PCR as a rapid and convenient assay for the detection of GMOs. Permingeat et al. (2002) developed a multiplex PCR method for simultaneous detection of GMO in soybeans. Using only two pairs of primers from each cry1A(b) and pat genes, multiple reaction was optimized by combining the four primers at different concentrations. For the detection of transgenic soybean, multiplex PCR was developed for accurate and simultaneous detection of epsps and nos fragments, both corresponding to the introduced gene in Roundup Ready soybean, using two primer pairs, one for the 35S-epsps gene and the other for nos. Rudi et al. (2003) designed a multiplex PCR-based assay for quantification of DNA. This method is based on two stages of PCR; in the first few cycles, bipartite primers containing the termination 5 'universal sequence and the 3' region of a specific sequence were used for each of the events that were analyzed genetically. The unused primers were then degraded with an exonuclease specific to single-stranded DNA. The second stage was performed containing only PCR primers complementary to the universal sequence of the 5 'region. The removal of the primers is essential for quantitative PCR. Oligonucleotides hybridized to internal fragments of the PCR products were then marked for specific sequences. The hybridization of labeled oligonucleotides to their complementary sequences in a DNA array enabled multiple detection, where quantitative information is obtained in the range of 0.1 to 2% for the different GMO analyzed. In this study, 17 different food and seed samples were examined using a 20-plex system for simultaneous detection of seven different GM maize lines (Bt176, Bt11, MON810, T25, GA21, and DBT418 CBH351). Germini et al. (2004a) proposed a method based on multiplex PCR for simultaneous detection of four types of GM maize (MON810, Bt11, Bt176 and GA21), one for soybeans (Roundup Ready) and two controls (for maize zein gene and the gene lectin for soybeans), on seeds, raw materials and processed foods. For this work, it was necessary to use seven pairs of primers in the same reaction, noting that the length of amplified segment was an important factor to detection of transgenic DNA in processed foods due to false negatives for DNA degradation in food processing. For this reason, primers amplifying segments with lengths no larger than 270 bp were designed for the detection of GMOs even in highly processed products. James et al.(2003) designed a multiplex PCR protocol to detect the 9 most common GM crops for soybeans (Roundup Ready), maize (event 176, Bt11, MON810, T14/25) and canola (GT73, HCN92/28, MS8/RF3, Oxy 235). Primer combinations were used allowing the identification of specific lines. In an identification system, simultaneous amplification was used rather than specific target detection for the identification of four GM maize lines. The non-specific amplification was used as a reliable tool for the identification of a GM maize line.
The initiator cry1A 4-3 '(antisense) recognizes two sites in the DNA extracted from transgenic corn event 176 resulting in the amplification of 152 bp (expected) and 485 bp (not expected) products. The last fragment was sequenced and confirmed that it corresponded to the gene cry1A (b). The simultaneous amplification has the ability to identify specific lines of GM, as well as identifying new GM lines containing similar transgenes.
Real-time PCR (RTi-PCR)
According to European regulations, the quantification is essential for labeling GMOs and satisfying these regulations. There are many research programs for the development of reliable methods, specific, standardized and quantitative detection of GMOs in food and seeds (Hernandez et al. 2004) . The use of real-time PCR is a practical and quick as a quantitative method to detect GMOs in processed food samples (Ding et al., 2004 , Hernandez et al. 2004 . This PCR technique has made possible to quantify the initial amount of nucleic acids during PCR reaction without the necessity of further analysis (Mason et al., 2002) . In addition, the amount of amplified DNA can be measured by fluorescence detection at the process, because the fluorescence emission produced in the reaction is proportional to the amount of DNA formed. This allows to know and record at all times the kinetics of the amplification reaction. The fluorescence detection systems used in real-time PCR can be of two types: specific intercalating agents and probes labeled with fluorophores (Costa, 2004) . Vaïtilingom et al. (1999) developed a quantitative method for detection of transgenic maize events Maximazer 176 and Roundup Ready soybeans. The use of the detection system ABI Prism 7700 allowed the determination of the amplified product accumulation through a fluorescent probe (TaqMan). The use of Dutp and UNG in the PCR reaction eliminates contamination, which is the major source of false positives. Rott et al. (2004) evaluated two essays, one of conventional PCR to detect the presence of RR soybean. The second was realtime PCR to quantify the amount of RR soybean present in samples that were positive in the first essay. In quantitative tests, two groups were showed: soybean foods with traces of RR (≤ 0.4%) suggesting a contamination of RR soybeans and soybean foods with high levels of RR soy.
Capillary gel electrophoresis with laser-induced fluorescence
With the increase of GMOs that have been developed for food applications, the ability to detect different transgenic sequences in a single reaction has become an important characteristic of any detection method (Garcia-Cañas et al., 2002b) . However, there is a demand for new analytical methods which help to provide new and reliable information for the characterization of genetically modified foods (Garcia-Cañas et al., 2002a) . The use of PCR in combination with capillary gel electrophoresis (CGE) seems a good alternative for the detection of GMOs in food, based on DNA analysis. In combination with competitive PCR, the CGE analysis allows accurate detection and amplification of different transgenes, as an alternative to real-time PCR. However, the CGE UV detection has low sensitivity and usually cannot be applied to samples with concentrations below 10 -6 M. The use of laser-induced fluorescence (LIF) in CGE dramatically increases the detection limit and linear dynamic range compared with that obtained with UV (Garcia-Cañas et al., 2002b) . This technique involves a high degree of automation, use minimal amounts of samples and reagents, is capable of producing separations of PCR products with high efficiency, and has proven to be a good alternative to obtain accurate and sensitive quantification of DNA fragments amplified by PCR (Garcia-Cañas et al., 2004a) . Garcia-Cañas et al. (2002a) , using capillary gel electrophoresis detected the presence of transgenic corn flour. The method is based on the extraction and PCR amplification of specific fragments of transgenic maize and subsequent analysis by capillary gel electrophoresis with UV detection and laser-induced fluorescence. A comparison between the two protocols for the detection of DNA based on UV absorption and laser-induced fluorescence was done, yielding a more sensitive detector with laser-induced. A sample of corn flour showed contamination not detectable by UV, which would generate a false positive. Additionally, Garcia-Cañas et al., (2002b) compared four different fluorescent intercalating agents for the detection of transgenic corn flour using capillary gel electrophoresis with laser-induced fluorescence. Fluorescent intercalating agents compared were: YOPRP-1, SYBR-GREEN-1, ethidium bromide and EnhanCE. It was shown that SYBR-GREEN-I and Yopro-1 gave better detection limits than EnhanCE and ethidium bromide. Also, Garcia-Cañas et al. (2004b) devised a method for the simultaneous detection of five transgenic maize events using multiplex PCR followed by capillary electrophoresis laserinduced fluorescence. This method used Hexaplex PCR protocol for amplification of GM maize varieties Bt11, T25, MON810, GA21 and Bt176, demonstrating that the use of gel electrophoresis laser-induced fluorescence is very useful and informative for PCR optimization of multiple parameters such as time extension, the concentration of PCR buffer and primers. The method developed is very sensitive and also solves the problem of false positives.
Microarrays
The microarray technology can increase the ease and speed of analysis of PCR products. DNA microarray is an analytical system that allows simultaneous detection of many nucleic acid sequences in a sample. Each DNA sequence is represented by a covalent bond of an oligonucleotide probe on the modified surface of a piece of glass. The probes in the array are hybridized with fluorescent marker PCR products. Scanner analysis reveals the presence of labeled material containing the complementary sequences of those marked in the microarray (Germini et al., 2004b) .
Peptidic Nucleic Acids (PNAs)
Peptide nucleic acids (PNAs) are analogues of oligonucleicos where the sugar-phosphate has been replaced by a pseudopeptide chain of the monomer N-aminoethylglycine (Germini et al., 2004b) . Unlike nucleic acids, PNAs do not contain pentose phosphate groups. The main advantage of these biomimetic molecules compared to their natural analogues is their high affinity to liaise with DNA strands. The lack of electrostatic repulsion between them makes these links stronger than those between two strands of DNA (Gonzalez et al., 2005) . Germini (2004b) reported the combination of microarray technology with PNAs for the detection of genetically modified soybean. Several PNAs were designed, synthesized and attached covalently to functional areas to build a microarray and to identify the constitutive gene lectin and the epsps gene. The effect of PNA length on signal intensity and specificity was assessed, as well as the conditions for the detection of PCR products of both single and double stranded. The best results were obtained with single-stranded PCR products and with long PNAs. The advantages of this method over other technologies include: PNAs are more efficient and hybrids are more stable than oligonucleotides, the PNAs are highly specific sequence and molecular microarrays allow simultaneous analysis of many sequences.
Surface Plasmon Resonance (SPR)
This method is based on biosensors capable of playing a biospecific interaction analysis (BIA) to monitor a variety of molecular reactions in real time. It is an optical technique that detects and quantifies changes in refractive index in the vicinity of a sensor chip surface in which the ligands are immobilized, allowing the detection of biomolecules (analytes) interacting with the ligand. If the ligand is single-stranded biotinylated DNA, SPR technology can easily monitor DNA-DNA hybridization in real time (Feriotto et al., 2003) . Feriotto et al. (2003) designed and tested a protocol for SPR based on biospecific interaction analysis (BIA) for quantitative determination of GMOs. The protocol is based on the immobilization of multiple PCR products in a single cell flow sensor chip covered with Streptavidin and the injection of specific probes. Zein products labeled with biotin and Bt-176 were immobilized on sensor chip SA taking advantage of the Streptavidin-biotin interaction. The approach is based on the immobilization of the same cell targets flow of two PCR products obtained by multiplex PCR using primers tagged with biotin and subsequent analysis by consecutive injection of a compatible nucleotide probe. To produce doublestranded target gene sequences, multiplex PCR was done using genomic DNA pattern with an excess of Bt-R primers and ZM-r-biot with its own Bt-F and biot-ZM-F labeled with biotin. This was done to minimize the presence of biotin labeling of primers not incorporated into the PCR mixture. The final products of multiple PCR, zein and Bt-176, were purified with Microcon-30. The agarose gel analysis and direct sequencing of PCR products confirmed the specificity of the PCR reaction. The results were compared with Southern blot and quantitative PCR using ABI Prism 7700.
Techniques based on proteins identification 8.2.1 Enzyme-linked Immunosorbent Assay (or ELISA)
In some cases the detection of GMOs in food is possible due to the presence of proteins encoded by transgenic sequences. This method only requires 4-6 hours to complete an analysis, it is easy to use and can effectively detect GMOs. Some of the restrictions on the use of ELISA for detecting transgenic proteins are denaturing of them during processing of food and the presence of false positive and negative reactions to other proteins. For these disadvantages, is estimated that the results of ELISA are reliable in 95% of cases (Hsu-Yang et al., 2001 ).
Lateral flow band
This procedure represents an alternative to ELISA. The lateral flow band uses a combination of specific antibody to the protein of interest (capture antibody) with a conjugated antibody that is able to generate a colorimetric reaction (called detection antibody), which allows to visualize the presence of protein desired in the sample.
Conclusion and perspectives
Detection of transgenic residues in foods become a very actual theme because the increase of products derived from genetically modified organisms in the market shelves and the consumer demands for more strict regulations about labeling of this kind of products. Literature revised reports that short DNA trangenic sequence remain without degradation during most of the food steps processing, at the present time have been developed different techniques which are able to identify small traces of transgenic DNA or proteins. When soybean-based foods were elaborated using transgenic soybean, it was observed that the transgenic DNA and proteins were not degraded during the processing of these kinds of foods. In addition, it was found that the soybean-based commercial food processing did not affect the persistence of transgenic residues in food. With the development of multiplex PCR, it was possible to detect more efficient transgenic residues in plants and soybeanbased foods.
